A technique for the isolation of ribonucleic acid (RNA)-rich mutants of Escherichia coli is described. Mutagenized cells were centrifuged to isopycnic equilibrium on potassium tartrate or cesium sulfate gradients. Samples from the region of the gradients slightly denser than the majority of the cells were spread on agar plates, and the resulting clones were tested for increased RNA to protein ratios.
A technique for the isolation of ribonucleic acid (RNA)-rich mutants of Escherichia coli is described. Mutagenized cells were centrifuged to isopycnic equilibrium on potassium tartrate or cesium sulfate gradients. Samples from the region of the gradients slightly denser than the majority of the cells were spread on agar plates, and the resulting clones were tested for increased RNA to protein ratios.
Selection procedures for ribonucleic acid (RNA) control mutants are difficult to design, since there are no obvious conditions which would enrich for them. The possibility that a class of mutants might exist which are unable to regulate their RNA content in response to changing environment led us to investigate the use of density gradients that would physically select cells containing higher RNA to protein ratios. This communication describes a procedure whereby a mutant of this type was isolated from a strain of Escherichia coli.
MATERIALS AND METHODS
Strains. Escherichia coli 15 thyr pro-strr (15TP) was derived from E. coli 15 thy-pro-trp-stra (CP-130) by ultraviolet irradiation and selection. E. coli CP-130 and all other strains used were obtained from the culture collection of the Microbiology Institute, Copenhagen, Denmark (Table 1) .
Growth conditions. Cells were grown at 37 C with forced aeration in a tris(hydroxymethyl)aminomethane (Tris)-salts medium (5) containing the nutritional requirements of the particular strain and an appropriate energy source. Optical density (OD4501 cm) was measured in a Zeiss PMQ II or Gilford 300 spectrophotometer. Shifts from one growth medium to another were accomplished by collecting the cells on a warm nitrocellulose filter (0.45-,um pore size), rinsing with several volumes of "new" medium at 37 C, and transferring the washed filter to the new medium preequilibrated at 37 C. When the composition of the two media was identical, no change in growth rate was detectable as a result of this shift, which generally took 1 to 2 min.
Gradients. Linear density gradients were formed with an apparatus similar to that described by Britten and Roberts (1) by using filter-sterilized solutions of either cesium sulfate or potassium tartrate buffered with Tris (0.1 M) at pH 7.4. For both salts, a linear gradient from P20 C = 1.32 to P20 C = 1.25 was used. Densities were determined on a Zeiss hand refractometer calibrated against solutions of known density of the respective salts in the same buffer.
Cells for density gradient fractionation were collected and washed on a cellulose nitrate filter (0.45-,um pore size). They were suspended at a concentration of ca. 109/ml in Tris-salts medium (without energy source). For cesium sulfate gradients, these cells were mixed with an equal volume of 40% cesium sulfate and incubated at 4 C for at least 24 hr. This reduced clumping considerably. There was no measurable decrease in viable count during this period of incubation. To decrease clumping further, this suspension was sonically treated for 1 sec in an MSE-Mullard ultrasonic cell disintegrator. Cells were loaded onto the gradient by putting 0.05 ml of this suspension in each side of the gradient maker. This resulted in a uniform distribution of cells throughout the gradient before centrifugation. For potassium tartrate gradients, preequilibration did not appreciably reduce the small degree of clumping.
Gradients were centrifuged either in a Sorvall HS rotor at 10,000 or 73,000 X g in a Spinco SW-39 rotor at 4C for 60 min. Centrifugation at higher speeds or for longer times did not measurably affect the distribution of cells on the gradient.
Gradients were fractionated either by puncturing the bottom of the tube and collecting drops or by carefully removing the desired layer with a hypodermic syringe.
When the cells from the gradient were to be grown in liquid medium, each fraction was collected directly on a sterile 0.45-,Am cellulose nitrate filter, and the filter was washed with growth medium and placed in a tube of aerated medium containing 50 ,ug of streptomycin per ml and grown to visible turbidity (about 107 cells/ml).
Individual colonies were isolated by spreading 0.02 ml of each fraction on the surface of a Tris-salts-glucose-agar plate (containing 50 ,ug of streptomycin per ml). Colonies to be tested were streaked on Tris-saltsglucose-agar plates and incubated at 37 C until growth was apparent. These colonies were picked more or less randomly, although care Assay of colonies. Colonies were assayed for RNA to protein ratio by growing them in a Tris-salts-glucose medium containing 10-4 ,uc/ml of 35SO42-, ,uc/ml of L-threonine-14C + 25 jAg/ml of unlabeled L-threonine; 10-4 ,c/ml of L-proline-14C (UL) + 25 ,ug/ml of unlabeled L-proline; 1.6 X 10-8 juc/ml of uracil-6-3H + 5 jug/ml of unlabeled uracil. This mixture was made up at 100 X concentration and sterilized by filtration. The labeled growth medium was prepared in 100-ml quantities and then aseptically dispensed into sterile tubes (18 X 150 mm), 0.2 ml per tube. Clones to be tested were inoculated into this medium and grown overnight with shaking at 37 C.
To each tube showing visible growth, an additional 0.8 ml of labeled growth medium was added. The rest of the tubes were incubated until growth was apparent, and the same procedure was followed.
Incubation was continued for an additional 2 to 3 hr (5 to 6 hr for slow growers). The cultures were then chilled in an ice bath and an equal volume of 10% trichloroacetic acid was added. After 15 to 30 min of incubation at 0 C, the cells were collected on cellulose nitrate filters and washed three times with 5% trichloroacetic acid. The filter was placed in a scintillation vial and dried. Ten With gradients from p20 C = 1.260 to P20 C = 1.325, the differences in density of cells of E. coli 15TP grown in nutrient broth, glucose minimal valts, or succinate minimal salts is easily detectable (Fig. 1) . This density difference is presumably due to the relative concentration of nucleic acid in cells grown in different media (7) . Similar results are obtained with E. coli B/r and E. coli W667.
To determine whether the method is sensitive to changes in the RNA content of cells, RCrel and RCutr strains of E. coli W667 (2) were used. A sample of cells was taken from a culture of each of the strains 60 min after removal of threonine, a required amino acid. The density change in the cells (representing about a 50% increase in RNA content in the RCrel strain) is shown in Fig. 1 . There is no measurable difference in the two strains before starvation.
These experiments indicated that the procedure RCrel, same conditions. In each case, the potassium tartrate density corrected to 20 C is given. Approximately 108 cells were added to each gradient. Gradients were centrifuged for I hr at 10,000 X g on a Sorvall HS rotor at 4 C. VOL. 100, 1969 described would be feasible for RNA-rich mutants if they were present. Therefore, four strains of E. coli, 15TP, 15TAU, W667, and PA2-31, were cycled through this procedure after mutagenizing with N-methyl-N'nitro-nitrosoguanidine. Two strains were isolated from E. coli 15TP which had much higher RNA to protein ratios than the parent and, on further examination, were found to contain an excess of ribosomal RNA. The two strains appear to be identical and have been described previously (6) 
